Abstract
Introduction

65
Nitrogen losses through N2O emissions from soil contribute to climate warming as 66 N2O is a potent greenhouse gas (Change, 2015) . It is mainly produced in soils through 67 microbial nitrification and denitrification (Zumft, 1997) . Clarifying the loss of N and 68 climate warming via N2O and its controlling factors will be beneficial for understanding 
77
The Tibetan grasslands occupy approximately 40% of the Tibetan Plateau which 78 represents 0.7-1.0% of total global N storage (Tian et al., 2006) and is required for 79 sufficient forage production (Zheng et al., 2000) . These grasslands represent one of the (Hillebrand, 2008 ) and the stability of ecosystems (Klein et al., 2004) .
88
Previous studies have demonstrated losses of N caused by warming (Klein et al., 2004; 89 2007) and that overgrazing (Zhou et al., 2005) leads to degradation in alpine grasslands.
90
The effects of climate warming and grazing on the aboveground vegetation, soil 
111
To clarify whether fungi played the mainly role in N2O production process and its 112 response to warming and winter grazing in alpine grasslands, we used a warming and 113 grazing experiment over 10 years in an alpine meadow on the Tibetan Plateau. We 114 measured the gene abundance of soil bacterial and fungal communities using 115 quantitative PCR, and the potential of N2O emission from bacterial and fungal 116 nitrification and denitrification through an incubation experiment to assess the 117 contribution of N2O production potential from bacteria and fungi. We aimed to test the 118 following hypotheses: (1) soil fungi were the main contributor to N2O production 119 because of the low soil temperature and high organic C and N in the alpine grasslands, 120 and (2) although N2O emission was not affected by warming and winter grazing at our 121 site (Zhu et al., 2015) , the biotic pathways responsible for N2O would be changed due 122 to the distinct preferred soil environments of bacterial and fungal communities. Free-air temperature enhancement using infrared heating has been set up to create a October to April, the power output of the heaters was manually set at 1500 W per plot, 
176
The total C and N content were measured by using combustion elemental analyzers
177
(PerkinElmer, EA2400, USA).
178
Soil DNA was extracted from 0.5 g of the frozen soil using a FastDNA™ Kit for Soil The average plant standing biomass was 343, 345, 301 and 362 g dry matter m -2 in 260 the control, G, W and WG treatments measured at the day of soil sampling, respectively.
13
Grazing and warming had no effect on plant biomass (Fig. 1a) . increased soil temperature. The average soil moisture varied from 26% to 34% (w/w).
264
Grazing had no effect on soil moisture, which was lower in warming plots (P<0.01)
265
( Fig. 1c) . There was an interactive effect between grazing and warming on soil 266 temperature (P<0.01).
267
Soil total C (TC) was not affected by grazing (P=0.13) or warming (P=0.12) alone,
268
but there was a marginal interaction between grazing and warming on TC (P=0.07) (Fig.   269 2a). Similar to TC, soil total N (TN) also showed no response to grazing or warming
270
( Fig. 2b) . Soil NH4 + -N content was lower in warming treatments than in no-warming 271 treatments (P=0.05) (Fig. 2c) . Greater soil NO3-N content occurred under the warming 272 treatments (P=0.05) than under the no-warming treatments (Fig. 2d) .
274
Microbial functional genes
275
Bacterial gene abundance varied from 4.71×10 9 to 5.93×10 9 copies g -1 dry soil, which 276 was much higher than fungal gene abundance (Fig. 3) (Fig.4 a-c) . FNEA was lower under warming treatments than under the no-
285
warming treatments (P=0.05).
286
TDEA was between 1.32 and 1.80 μg N g -1 h -1 . FDEA was clearly the dominant 287 process for TDEA (Fig. 4 d-f 
The contribution of bacteria and fungi to potential N2O emissions
291
The contribution of FNEA to TNEA varied from 47% to 56%, and the contribution 292 of FDEA to TDEA varied from 45% to 63% (Fig. 5) . Warming significantly decreased and TN concentrations were 72-86 g kg -1 and 6-7 g kg -1 , respectively ( Fig. 2a and 2b) , 317 much higher than in temperate grasslands and farmland, providing a favorable 318 environment for fungi (Bai et al., 2010) . These are mainly reasons that soil fungi is the 319 main source for N2O production potential in the Tibetan alpine grasslands.
320
Our methodology did not exclude a role for archaea in nitrification and . In our study, we also found the TNEA was higher than the sum
of NEA from bacteria and fungi, while TDNA was higher than DEA from bacteria and 327 fungi (Fig. 4) , which showed that archaea also played the role in N2O producing process 328 in our site. However, it included the archaeal and abiotic components. The development
329
of inhibitor-based approaches may help to show how archaea responses to 330 environmental change (Marusenko et al. 2013 ).
331
Our results supported our second hypothesis that although warming did not change 332 the potential N2O emissions on the Qinghai-Tibetan Plateau, the biotic pathways 333 responsible for N2O had been changed, as bacterial contribution to N2O potential was 334 higher than fungal under the warming treatment (Fig. 4) . The increase in bacterial N2O 335 production potential, coupled with decrease in fungal N2O production potential, could warming, soil NO3 --N concentration was significantly increased showed the soil 345 inorganic N was increased ( Fig. 2a and 2b) ; on the other hand, the soil dissolved organic 346 nitrogen was significantly decreased from 48 to 41 mg kg -1 (P<0.04), the soil labile C 347 and N was also found significantly decreased by warming, it showed the soil organic C by winter grazing ( Fig.1-2) . Additionally, the soil was frozen in winter, so that the effect 
